Background: Many drugs used for the treatment of HIV disease can cause drug hypersensitivity reactions. Since 2002, World Health Organization (WHO) has recommended the use of nevirapine and efavirenz as part of first line antiretroviral therapies for several years. Both of the drugs had equivalent clinical efficacy but differences in toxicity profile.
Introduction
People living with HIV/AIDS (PLWHA) are generally more likely to experience both drug hypersensitivity and severe drug hypersensitivity reaction compared to general population. Manifestations of these reactions include Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN), due to immune function alteration, drug metabolism change, and polypharmacy among PLWHA. 1, 2 World Health Organization (WHO) recommends a combination of two nucleoside reverse transcriptase inhibitors (NR-TIs) and one non-nucleoside reverse transcriptase inhibitor (NNRTI) either nevirapine (NVP) or efavirenz (EFV) as first line antiretroviral therapy (ART) in resource-limited settings, including Indonesia. Both NVP or EFV have equivalent clinical efficacy but different toxicity profile. These drugs have been reported to cause hypersensitivity reactions with primary manifestation in the form of skin rashes from mild to potentially life-threatening. [2] [3] [4] [5] The influence of race to NNRTI-related rash was unknown. High incidence of NVP-associated rash in Asian population ranging from 2.6% to 54.4% and commonly emerges at 12 days to 6 weeks after initiation. 1, 4, 5 Incidence of skin rash in those receiving efavirenz was reported at 8.2% to 20% with mild to moderate skin manifestations. They usually emerge on the 8 days after initiation. 6, 7 The incidence of SJS or TEN in those receiving NVP was 0.7-3.9%, much lower in those receiving EFV(0.1-0.2%). 1, 8, 9 Skin rash caused by either NVP or EFV will influence quality of life and adherence to therapy among PLWHA. Knowing spesific factors that might predict skin rash will help in drug-choosing and finally improving care for PLWHA. In this study, we aim to determine the incidence of NVP and EFV-associated rash and predictors that might associate with it.
Material and Methods
We conducted a retrospective cohort study of HIV-infected adult patients in HIV Integrated Clinic Cipto Mangunkusumo General Hospital Jakarta, Indonesia. This is a largest HIV and referral center hospital in Indonesia. All patients aged above 18 years old initiating NNRTI-based regimen in this center from January 2004 to December 2013 were included in this study. Patients who used NVP, either as naïve therapy or substitution regimen, were included in NVP group and those who used EFV, either as naïve therapy or substitution regimen, were included in EFV group. The study protocol was approved by the Institutional Review Board Faculty of Medicine, Universitas Indonesia.
The primary outcome was cumulative incidence of NVP or EFV-associated rash. Rash could manifest as diffuse maculopapular or erythematous rash, serum sickness-like reaction, hypersensitivity syndromes, SJS, and TEN. Secondary outcomes were predictors for NVP or EFV-associated rash. Possible baseline predictors included in the analysis were gender, CD4 lymphocyte count, serum transaminase enzyme level, hepatitis co-infection, body weight, and HIV stage. Gradual escalating dose for NVP was also evaluated.
Statistical analysis was performed using Statistical Package for Social Science program version 20.0 (SPSS Inc, Chicago IL, USA). All predictors underwent bivariate analysis using Chi-Square test for categorical data and T-test for continuous data with normal distribution or Mann Whitney test for those with abnormal distribution. Data normality was tested using Kolmogorov-Smirnov test. All variables with p value < 0.25 in bivariate analysis were included in multivariate analysis using logistic regression. A p-value of less than 0.05 was considered statistically significance. Multivariate analysis results were displayed in 95% confidence interval (95%CI) and risk ratio (RR). Incomplete data is resolved by multiple imputation techniques.
Results

Subject Characteristics
A total of 2,071 HIV-infected patients initiating NVP-based regimen and 1,212 patients initiating EFV-based regimen were included in the study, with median age 29.7 (min-max 18-70) years old in NVP group and 30 (min-max 18-62) years old in EFV group, and mostly were male (72.2% in NVP group and 75.2% in EFV group). The most common risk factor of HIV infection was heterosexual (40% in NVP group and 41.4% in EFV group). Most of the patients started NVP-based regimen or EFV-based regimen in the late stage (53.9% stage III and Table 1 shows baseline characteristics of subjects enrolled in this study.
Nevirapine-Associated Rash
In this study, cumulative incidence of NVP-associated rash was 14% (95%CI: 12.5-15.5%). There were 287 patients receiving NVP, either as naïve therapy or substitution drug. Stevens-Johnson Syndrome occurred in 0.9% of NVP-users and TEN occurred in 0.1% of them, but no patients died due to these reactions. In multivariate analysis, we found three predictors which were significantly related to NVP-associated rash. They were female sex (adjusted RR 1.622; 95%CI: 1.196-2.199), baseline CD4 cell count above 200 cells/mm 3 (adjusted RR 1.387; 95%CI: 1.041-1.847), and hepatitis C co-infection (adjusted RR 1.507; 95%CI: 1.138-1.995). Baseline alanin aminotransferase (ALT) level above 1.25 times upper normal limit (ULN) had a tendency to be a good predicting factor (adjusted RR 1.508; 95%CI: 0.998-2.278) as shown in table 2. 
Efavirenz-Associated Rash
The cumulative incidence of EFV-associated rash was 4.5% (95%CI 3.4-5.8%). That was 55 of 1212 subjects receiving EFV, either as naïve therapy or substitution regimen. Stevens-Johnson Syndrome incidence was 0.1% without any mortality while no TEN was occured. There was only one variable (hepatitis B co-infection) that potentially could predict EVP-associated rash (p < 0.25) in bivariate analysis and therefore multivariate analysis was not performed. Table 3 showed all variables studied in the bivariate analysis.
Discussion
This retrospective cohort study involved large number of HIV infected adults in tertiary hospital in Jakarta for decent period of time. The incidence of nevirapine-associated rash in this study was 14% (95%CI: 12.5-15.5). This finding confirmed the high incidence of NVP-associated rash among Asian population (2.6-54.4%) although the recommendation for 14 days escalation dose had been strictly followed. 4 Reports from African and Caucasian population showed lower incidence (3-10.2% amongAfrican and 6.5-14.8% among Caucasian). 8, 10, 11 The incidence of EFV-rash from our study was 4.5% (95%CI: 3.4-5.8) and similar with other reports from different regions. 6 A report from Brazil revealed that EFV allergy might involve genetic predisposition. Polymorphism in the interleukin-10 gene promoter -1082G/A can be related to the occurence of allergic reactions to EFV. 12 Previous study in French suggest that HLA-DRB1*01 allele plays an important roe in succeptibility to NVP and EFV cutaneous reactions. 13 This theory might be the cause of difference in incidence rate of NNRTI-related rash among different races.
The value of CD4 counts was one of the indicators for HIV patient immunity status. Several studies have reported the increasing tendency for NVP hypersensitivity reaction along with the increase of CD4 lymphocyte counts. 3, 4, 7, 9 The underlying theory of this phenomenon is unclear but probably involves cytokine of Th1 and Th2, when the balance of these two were disrupted causing abundant amount of Th2 and therefore enables hypersensitivity reaction to take place. Manosuthi et al. 9 showed that every increment of 50 cells/mL of baseline CD4 lymphocyte counts was associated with 1.2 fold likelihood of developing NVP-associated rash. In this study, we also obtained similar result that CD4 lymphocyte counts of above 200 cell/mm 3 was one of the predictors of NVP-associated rash (adjusted RR = 1.387; 95%CI: 1.041-1.847; p = 0.025). 3, 4, 7, 9 Sex-related differences in NVP toxicities have been widely reported. 10, 14, 15 In this study, the incidence of NVP-associated rash was 1.62 times higher in females than males. Study by Bersoff-matcha et al. 15 found a more extreme result. Female sex had 7 times higher risk to develop severe rash associated to NVP use. Several investigations have focused on its pharmacokinetics in an attempt to explain the higher frequency of NVP-associated adverse effects among women. La Porte et al. 16 and Regazzi et al. 17 reported that median plasma concentration of NVP was higher in women than in men. Variations in lean body mass and composition that affect NVP distribution might account for these inter-sex difference of NVP plasma levels. 17 It is also possible that women has better awareness and tend to seek treatment earlier than men and therefore has higher CD4 lymphocyte count at the beginning of treatment.
Most of antiretroviral drug metabolism occurs in the liver. Therefore, transaminase levels at the initiation of ART will affect the outcome in HIV/AIDS patients receiving ART. Elevated (1.25 times upper normal limit) ALT at the beginning of antiretroviral therapy (ART) was shown an associated trend with the occurrence of NVP-associated rash (OR 1.508; 95%CI: 0.998-2.278; p = 0.051). Several studies also report that the risk of ART-related hypersensitivity reactions in HIV patients with various manifestations would have been increased in patients with higher or above upper normal limit of aspartat aminotransferase (AST) and ALT levels at the beginning of ART. [18] [19] [20] However, study by Sulkowski et al. 18 suggested that ART-related hypersensitivity was not influenced by higher AST and ALT level, but spesifically because the hepatotoxicity due to hepatitis co-infection. Direct effect from ART and co-infection with hepatitis would worsen liver cells condition. This can be detected from the increase of liver enzymes, which may trigger ART-related hypersensitivity reaction. [18] [19] [20] This study also found that co-infection with hepatitis C (HCV) significantly increased the incidence of NVP-associated rash (OR 1.507; 95%CI: 1.138-1.995; p = 0.004). The pathogenesis was predicted to involve many factors. Beside immune reconstitution syndrome, HIV co-infection with hepatitis would also worsen the inflammation in the hepatic cells, thus increasing the risk for direct antiretroviral toxicity. [18] [19] [20] This is concurrent with the acquired study subject characteristics i.e. the risk of transmission through IDU, which was quite highand also made the same route of transmission for HIV and HCV.
In this study, less than five percents (4.5%, 95%CI: 3.4-5.8%) of EFV-users developed EFV-associated rash, much lower than NVP-associated rash (14%, 95%CI: 12.5-15.5%). A meta-analysis by Schubber et al. 21 shown that patients using NVP are more likely to experience drug hypersensitivity (OR 2.37, 95%CI: 1.93-2.9) and severe hypersensitivity reactions (OR 2.4, 95%CI: 1.9-2.9) compared to patients using EFV.
One of the predicted reasons why the incidence of EFV-associated hypersensitivity is relatively low is because the major manifestation of hypersensitivity reaction to EFV is mainly central nervous system (CNS) involvement. The CNS involvement will stop occurring if the therapy is given at bedtime and therefore any complaints will cease and patients can continue the treatment. 6, 22 Genotype differences might be an important factor that could predict the occurrence of EFV-associated rash. A new report by Rodrigueset et al. 12 showed that 1082AA genotype was significantly more frequent in EFV allergic patients as compared to non-allergic ones (p = 0.019; χ 2 = 5.534; OR = 3.625; 95%CI: 1.210-10.860). The allele IL-10-1082A was also identified more often among EFV-allergic patients in population (p = 0.009; χ 2 = 6.787; OR = 3.029; 95%CI: 1.290-7.111). 12 Further study is needed in order to obtain more complete picture about predictors related to the EFV and NVP-associated rash, including the role of genetic factors.
None of baseline predictors analyzed in this study had related with EFV-associated rash, including gender, body weight, CD4 lymphocyte count, hepatitis co-infection, baseline transaminase, and WHO clinical stage. Any clinical risk factor that could be used as predictor of EFV rash would be very useful since other studies failed to find one. Risk factors that have been evaluated in other studies are sex, baseline CD4 lymphocyte count levels, BMI level, viral load, co-infection with hepatitis, history of previous allergic reaction to NVP and concomitant therapy with NVP. 6, 8, 22, 23 This study had several limitations. First, the study design was cohort retrospective that mainly rely on medical record data therefore any missing values in the medical record will affect the result of the study. Secondly, we did not assess the use of concomitant therapy beside ART, which may had cause hypersensitivity reaction in patients. Last, some possible risk factors such as previous history of drug allergy and baseline viral load number were not included in the present study.
In conclusion, female, baseline CD4 absolute count above 200 cells/mm 3 , hepatitis C co-infection and baseline ALT level more than 1.25 times upper normal limit were predictors for nevirapine-associated rash in HIV patients. There was no predictor related to EFV-associated rash. We suggest that more stringent evaluation and monitoring should be carefully done in all HIV/AIDS patients who will receive and on NVP therapy, especially if they have the above predictors.
